Milk and supramammary lymph node samples were obtained from asymptomatic cows infected with Mycobacterium paratuberculosis at the time of slaughter. Of 81 supramammary lymph node samples, 22 (27%) were culture positive for M. paratuberculosis. Of 77 milk samples, 9 (11.6%) were culture positive. The prevalence of supramammary lymph node or milk infection was highest with heavy fecal shedding of M. paratuberculosis and lowest with light shedding. The serologic status of the cow was not useful for predicting the risk of supramammary lymph node or milk infection. Shedding of M. paratuberculosis occurs in the milk of asymptomatic infected cows but, apparently, less frequently than previously reported for symptomatic cows.
Paratuberculosis is a chronic granulomatous intestinal disease of ruminants caused by Mycobacterium paratuberculosis. Paratuberculosis is generally regarded as an enteric infection, although dissemination of M. paratuberculosis to various organs (liver [2, 3, 10] , spleen [3, 8] , genital organs [8, 9] , kidneys [4] , and uterus [7, 13] ) and semen (8) has been reported. Control programs are designed to prevent transmission, which is widely believed to occur when young calves ingest M. paratuberculosis organisms after the contamination of feed sources with feces from infected animals (11, 21) . However, direct shedding of M. paratuberculosis into milk or colostrum could result in transmission, even when normal control measures are observed. The isolation of M. paratuberculosis from udder tissue (3, 19) , supramammary lymph nodes (2, 3) , and milk (2, 3, 15, 19) of cows with clinical signs of paratuberculosis has been reported. Similar studies of asymptomatic cattle have not been reported, although asymptomatic infected cows outnumber symptomatic cows in most herds with paratuberculosis (1, 11, 21) .
The purpose of the study reported here was to determine the prevalence of isolation of M. paratuberculosis from milk of infected asymptomatic cows and to perform a systematic evaluation of both milk and supramammary lymph nodes from infected cows, which has not been reported previously.
MATERIALS AND (15 Rl) were placed in the peripheral wells, and 10 RI of protoplasmic antigen (10 mg/ml; Allied Laboratories Inc.) was placed in the central well. Plates were read for precipitation bands of identity at 48 h (14) .
Enzyme-linked immunosorbent assay (ELISA) testing was done with the L-arabinomannan antigen (17 test was used to determine whether there was a significant difference in the proportion of cows that were seropositive by AGID of those with culture-positive milk or supramammary lymph nodes versus those that were culture negative. The Wilcoxon rank sums test was used to compare ELISA and CF scores for dams with culture-positive versus culturenegative milk and supramammary lymph nodes. A significance level of 0.05 was used. The chi-square test for linear trend (16) were culture positive for M. paratuberculosis. Of 77 milk samples, 9 (11.6%) were culture positive. The proportion of culture-positive milk samples and supramammary lymph nodes was higher in the heavy shedders than in the intermediate and light shedders ( Table 1) . The trend for an increased proportion of culture-positive milk or supramammary lymph node samples with an increased fecal shedding rate is significant (P < 0.05). Of 72 cows for which both milk and supramammary lymph node samples were available, 48 had specimens that were both culture negative, 5 had samples that were both culture positive, 3 and culture-negative lymph node samples, and 16 had culture-positive lymph node samples and culture-negative milk samples. From the culture-positive specimens, colony counts ranged from 2 to 8 CFU per 50 ml of milk sample and 2 to too-numerous-to-count CFU per g of lymph node tissue. Of the 86 cows tested, 78, 31, and 25 were seropositive by the ELISA, the CF testing, and AGID, respectively. There is a significant difference (P < 0.001) in CF scores for cows with culture-positive versus -negative supramammary lymph node tissues ( Fig. 1) and for culture-positive versus -negative milk samples (P < 0.05; Fig. 2 ). There is a significant with culture-positive and -negative lymph nodes (Fig. 3) , but no difference was demonstrated for milk samples (Fig. 4) . The proportion of AGID-seropositive cows with culturepositive supramammary lymph nodes is significantly different (P < 0.01) from that for the cows with culturenegative lymph nodes, but the difference is not significant for milk samples (P = 0.054, Fig. 5 ).
DISCUSSION
Previous authors have reported shedding of M. paratuberculosis organisms in milk in 3 of 4 cases (2), 1 of 20 cases (15) , and, most recently, 9 of 26 cases (19) . In all previous studies, only cows with clinical signs of paratuberculosis were tested. In general, the clinically affected animals represent a small proportion of the infected animals in the herd, with clinical signs detected months to years after fecal shedding begins, when the animal is in an advanced stage of infection (1, 11, 21) . The results of the current study reveal that supramammary lymph node infection and direct shedding of M. paratuberculosis into the milk of asymptomatic infected cows occur. The 11.6% prevalence of milk shedding in the current study is lower than that most recently reported for symptomatic cows (19) . This would suggest that the likelihood of shedding of the organism into the milk is greater with more advanced infection. This is further supported by the finding in the current study that the prevalence of M. paratuberculosis in milk was higher for cows with high fecal culture colony counts (19%) compared with those for cows with intermediate (11%) and low (3%) counts. A similar trend was seen for the prevalence of supramammary lymph node infection. The infection rate for the supramammary lymph nodes in the present study (46% of heavy fecal shedders, 27% of all cows) is difficult to compare with that reported previously (one of four cows) for symptomatic cows because of the small sample size in the previous report (19) . Comparison of the prevalence of shedding into milk with the prevalence reported in older studies (2, 15) is difficult as culturing techniques varied significantly and current methods may be more sensitive.
The mechanism of the shedding of organisms into milk could not be determined from this study, although presumably this occurs by hematogenous or lymphatic spread. Previous work has shown that udder tissue may be infected with M. paratuberculosis (3, 19) , and dissemination of M. paratuberculosis from enteric sites to other organs has been reported (2, 4, (7) (8) (9) (10) 13) .
Although the differences in the CF and ELISA scores between cows with culture-positive and -negative supramammary lymph nodes are significant, Fig. 1 and 3 demonstrate the considerable overlap of serologic results for these two groups. Similar overlap exists for the ELISA and CF scores of cows with culture-positive and -negative milk ( Fig.   2 and 4) , although the CF scores for the two groups differ significantly. Thus, the serologic status of the cow appears to be of little use in predicting the risk of milk or supramammary lymph node infection.
The results of this study demonstrate that asymptomatic cows infected with M. paratuberculosis could potentially transmit paratuberculosis via the milk. Although the concentration of organisms in the samples tested was low (2 to 8 CFU per 50 ml of sample), the risk of infection would be multiplied due to the large quantities of milk consumed by a calf (4 liters per day). While the feeding of powdered milk replacer to calves would eliminate this risk, many farms continue to feed whole milk rather than milk replacer. While colostrum samples were not studied, presumably the organism may also be shed in colostrum, which must be fed to every calf and could serve as a source of infection in calves despite subsequent feeding of milk replacer. Although, on the basis of this study, the risk of paratuberculosis transmission from the feeding of milk from asymptomatic cows is less than that from the feeding of milk from symptomatic cows, milk from infected asymptomatic animals should not be fed to calves. Since asymptomatic animals may remain undetected in the herd, feeding of milk replacer or pasteurized milk to calves should be recommended for herds known to have paratuberculosis.
